Silver nanowires are a promising replacement material for indium tin oxide in transparent electrodes. These nanowires, however, degrade in air due to corrosion and morphological instability. In this work, the composition of silver nanowire networks and common processing parameters used in electrode fabrication are tested for their effect on nanowire stability and electrode lifetime. Smaller diameter nanowires, sparser nanowire networks, higher electrode annealing temperatures and the use of a substrate plasma treatment are all factors which accelerate electrode degradation. The mechanisms of degradation are studied and suggestions to optimize silver nanowire electrode lifetimes are given.
Introduction
Recent interest in silver nanowires (AgNWs) has proliferated due to their ability to replace incumbent transparent conductive oxides, most commonly indium tin oxide (ITO), in electronic devices. Devices such as touch panels, light emitting diodes (LEDs), e-paper, organic light emitting diodes (OLEDs), liquid crystal displays (LCDs), and solar cells all require a thin lm with highly transparent and conductive properties to act as a transparent electrode.
1 ITO is widely used as a transparent electrode material because of its high conductivity and controllable properties via its deposition method. 2, 3 However, the high cost of ITO deposition, indium scarcity, and lm brittleness are prompting the search for replacement materials.
1,2 AgNWs have been materials of interest specically for the replacement of ITO lms since Xia et al. rst demonstrated their simple and inexpensive synthesis via the polyol method. 4 Because of properties such as low sheet resistance, high transparency, mechanical exibility and ease of deposition, AgNWbased electrodes are being evaluated for use in commercial touchscreen devices, 5 and have also been shown to be candidates for solar applications, 6-9 OLED displays, 11-13 touch panels, 14 and smart windows. 15 Furthermore, AgNW networks have recently been demonstrated for other applications including antibacterial lms, 19 wearable electronics, 5 transparent heaters, 10 sensors, [16] [17] [18] and medical devices. 20 There exist several reviews of AgNW transparent electrodes and their applications.
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Because AgNWs are becoming more widely used, the longevity of the material must be addressed. Because AgNWs are thinner than 100 nm, as well as have very high surface area to volume ratios due to their shape and small diameter, instability and corrosion are severe problems. AgNWs have been known to become discontinuous when le in atmospheric conditions for less than 6 months 24 which leads to electrode failure. Atmospheric corrosion of bulk and thin-lms of silver is a relatively known subject, but far less is known about the stability and degradation of silver nanowires. The few studies on this latter topic focus on the environmental conditions nanowires are exposed to. Humidity, 25 elevated temperatures, 26 light exposure, 25 and sustained electrical currents 27 have all been found to accelerate AgNW degradation. However, these factors alone cannot explain why silver nanowires and nanowire electrodes prepared by different groups have vastly different lifetimes. Silver nanowires prepared by Mayousse et al. 28 were reported to be stable when stored in ambient atmosphere for two and a half years, while AgNWs prepared by Elechiguerra et al. 24 and Jiu et al. 25 degrade to the point of non-continuity in as little as 30 days under similar conditions. In the context of transparent electrodes, Mayousse's samples showed a minimal sheet resistance increase in 2.5 years, while the electrodes prepared in two other studies, one by Jiu 25 and the other by Vaagensmith, 29 were non-conductive via open circuit in less than 6 months. Moon also discussed nanowire corrosion, nding that the resistance of electrodes increased approximately 250% over a time period of 2 months. 30 In all these works, the AgNWs were similarly synthesized using the polyol method and it is unclear why their rates of degradation differed. Furthermore, although various transparent and conductive passivation layers have been developed to slow AgNW electrode degradation, [30] [31] [32] [33] they can't fully prevent the increase of electrode resistance over extended periods of time. Therefore it is important to determine why and how the nanowire lm itself affects lifetime to be able to improve passivation technologies and employ additional ways to improve longevity. In this work, we study how the electrode composition and common processing parameters used to fabricate these electrodes affect nanowire stability and electrode lifetimes under passive conditions (i.e. without an applied voltage or current). AgNW electrode lms were prepared using a variety of different solvents, substrates, nanowire diameters, lm densities, and various pre-and post-deposition processing parameters, then exposed to atmospheric conditions for an extended period of time. The results observed reveal valuable information on what variables affect silver nanowire degradation and therefore how to increase the lifetime of silver nanowire materials. Speci-cally, it was observed that the nanowire diameter, density, postdeposition annealing temperatures and substrate plasma treatments are parameters that signicantly affect the longevity of AgNW electrodes.
Experimental

Electrode preparation
Substrates of heat stabilized polyethylene terephthalate (PET) (ST505 Melinex lm, DuPont Teijin Films) and quartz glass having dimensions of 5 cm Â 5 cm were sonicated in isopropyl alcohol, acetone, and distilled water for 180 seconds in each respective solvent, then blown dry with a nitrogen gun. Purchased silver nanowires (Blue Nano 90 nm nanowires, Novarials A20, Novarials A70, Seashell California hi-ex e-ink, ACS Materials D50, and ACS Materials D70), with average diameters ranging from 20 to 90 nm and average lengths ranging from 10 to 200 mm were tested. Nanowires were shipped and stored in three different solvents: ethanol, isopropyl alcohol and water. The nanowire solutions were diluted to their desired concentration (experiment dependent) and re-dispersed via mechanical agitation. A small volume of nanowire solution was then pipetted at one end of the desired substrate, and a Mayer rod was slowly rolled to spread the nanowires along the length of the substrate. [34] [35] [36] The coated substrate was set aside for 3 minutes to allow for solvent evaporation, rotated 90
, and then re-coated using a cleaned Mayer rod. This procedure was repeated two more times to create a random nanowire mesh across the substrate surface.
Thermal annealing process
Thermal annealing is the most common post-deposition method which assists in lowering the junction resistance of overlapping nanowires, and causes owing or partial decomposition of the polyvinylpyrrolidone (PVP) layer that exists on the AgNWs aer their polyol synthesis. 35, [37] [38] [39] To test the impact of the annealing temperature on the long-term stability of the nanowires, selected electrodes were annealed in low vacuum at a temperature between 80-180 C for 30 minutes. 38 Electrodes were then completed with application of copper tape at either end for resistance measurements.
Mechanical pressing
As an alternative to annealing, the remaining electrodes were subject to room temperature mechanical pressure to lower the nanowire junction resistances. 40 This method was both used as a comparison to the thermal treatments, and for other samples where different variables (nanowire diameter, density, etc.) were tested to separate their effects from those caused by annealing. A rolling press (MSK-HRP-01, MTI Corporation, Richmond, USA) with a rolling speed of 5 mm s À1 was used. Electrodes were pressed three times, rst with the two rollers spaced 70 mm apart, and then a subsequent two times with a roller spacing of 60 mm. Aer pressing, copper tape was applied to two ends of the electrode.
Corona plasma treatment
For some samples, aer cleaning the glass or PET substrate via the procedure listed above, a corona plasma treatment was applied via a SoLithoBox (BlackHole Lab, Paris). 41 The tip was held 1 cm above the surface of the substrate to allow for electrical discharge to reach the surface. The tip was passed over the substrate ve times to ensure a full treatment of corona plasma. Plasma-treated substrates were immediately coated with nanowires in the method listed above. No pressing or annealing was performed to these electrodes.
Electrode storage conditions
All fabricated electrodes were stored in an atmospherically regulated environment (average temperature 24 AE 1 C, humidity 40 AE 2%) with ambient airow for 60 days. The electrodes were stored in the dark to avoid any photonic inuences on nanowire behaviour throughout the test. Electrodes were periodically removed for several seconds every 3 days throughout the study for sheet resistance measurements.
Characterization
Electrode sheet resistances were measured with 2 probes via a multimeter. Their specular transparencies were recorded with a spectrophotometer, subtracting out the contribution of the substrate. Scanning electron microscope (SEM) micrographs were taken with a LEO 1550 GEMINI system. Non-conductive samples were coated with 10 nm of gold to prevent surface charging effects. Energy dispersive X-ray spectroscopy (EDS) was performed in the SEM to determine the chemical composition of larger features. For the latter case, NW lms were deposited on conductive silicon wafer substrates to avoid the need for gold coating. Bright-eld transmission electron microscope (TEM) images and EDS spectra of smaller features were acquired with a JEOL 2010F TEM.
Results and discussion
Degradation artifacts
Before presenting how the various electrode and processing parameters affect nanowire degradation, we rst compile the main degradation artifacts that were observed since they are common to several parameters. Aer 60 days in atmosphere, silver nanowires degrade and become discontinuous in more than one manner. Fig. 1 shows the morphology and chemical composition of the three main degradation artifacts that were observed. First, shown in Fig. 1a , is the formation of many small nanoparticles along the surface of a nanowire. TEM-EDS spectra of these nanoparticles (which, because of the spatial resolution of the technique, also includes some of the NW body as well) show that other than carbon originating from the TEM grid and silicon signal from the detector, only silver and sulfur are present. From studies on bulk silver it is well known that silver does not form a native oxide in atmospheric conditions, but rather silver sulde (Ag 2 S) is the dominant product of corrosion. [42] [43] [44] [45] The latter occurs via the reaction of surface silver with atmospheric hydrogen sulde (H 2 S) and carbonyl sulde (OCS), even though these have very low ambient concentrations of 5 ppb and 0.5 ppb, respectively.
45 Ag 2 S nucleates at random locations on the surface of silver and tends not form a uniform lm. 43 Morphologies including dendrites, clumps and whiskers have been observed on bulk and thin lms of silver. For AgNWs, we along with several other reports observe that Ag 2 S exists as particles along the surface of the nanowire body. 24, 25, 27, 28 Aer the 60 day experiment some silver nanowires corroded to the point of discontinuity, as displayed in Fig. 1a .
Corrosion of AgNWs was present under all experimental parameters tested in this work, but was not always the dominant failure mechanism causing discontinuity in the nanowire network. Spherical particles intercepting the nanowire body were observed as a second artifact causing discontinuity of nanowires over the 60 days (Fig. 1b) . This artifact was observed in thinner diameter nanowires either in sparser networks or ones isolated from the main AgNW network. Nanowires with these intercepting particles do not have small Ag 2 S nanoparticles on their surfaces. High-resolution TEM shows that the intercepting particles are polycrystalline, and EDS analysis of several of the particles indicates that they are predominantly silver (85-91%), with 1-2% chlorine and 7-13% sulfur. Regarding the chlorine, this atomic percentage is slightly higher than in areas of the nanowire away from the particles (<1%).
AgCl can be a result of Ag reacting with trace amounts of Cl 2 and HCl in the ambient. 44, 45, 61 The chlorine could also be le over from the synthesis process as NaCl is commonly used in the polyol synthesis method. Regardless, the majority of the particles are Ag suggesting that they do not primarily exist of corrosion products, but are rather a result of a rearrangement of silver from the nanowire into nanoparticle form due to the morphological instability of the nanowire. These issues will be discussed in the sections below.
The last major artifact observed was clusters of larger agglomerations that were prevalent in dense networks of thinner nanowires. From the SEM image in Fig. 1c , one can see that there is no presence of either Ag 2 S nanoparticle growth or intercepting spherical particles in any of the nanowires in the vicinity of the agglomerations. SEM-EDS results show that the large agglomerations consisted primarily of Ag (90-94%) with some amount of Cl (6-10%) and trace sulfur (silicon is present in the EDS spectrum due to its use as a substrate material). Thus, the large particles are mostly silver that has likely diffused from the AgNWs in the network. 46, 47 This will be discussed further below. The diffusion of silver atoms causes discontinuities in nanowires in the network, as can be seen in Fig. 1c .
Effect of parameters on sheet resistance
Nanowire diameter, nanowire concentration, annealing temperature, and substrate plasma treatment were all variables that had a signicant effect on the resistance change of the nanowire network over time. Fig. 2 shows the effect of these variables on electrode sheet resistance over a period of 60 days of ambient atmospheric exposure. Other variables tested had little effect on sheet resistance. Neither the type of solvent used to disperse the nanowires in solution (ethanol, water, isopropyl alcohol), nor the age of the nanowires in solvent before deposition (i.e. time spent on shelf) affected the rate of degradation. (d) TEM-EDS spectrum of one nanoparticle on the surface of a nanowire in 'a' and its immediate surroundings, (e) TEM-EDS spectrum one particle intercepting the nanowire in 'b', and (f) SEM-EDS of a larger particle in 'c' (the silicon peak originates from the substrate).
The substrate used (glass vs. PET) and the average length of the nanowires also had no effect.
In the subsections below the effect of the signicant variables -diameter, density, annealing temperature, and plasma treatment -are discussed in more detail. The degradation of larger diameter nanowires (greater than 40 nm in diameter) is primarily caused by corrosion creating Ag 2 S nanoparticles on their surface, as shown in Fig. 1a and again in Fig. 3a . The thicker the nanowire, the longer it takes for corrosion to advance to the point where the nanowire becomes discontinuous. Therefore, electrodes made from thicker nanowires have longer lifetimes.
Effects of diameter
In smaller diameter nanowires (diameters less than 40 nm), degradation by the corrosion depicted in Fig. 1a was scarcely observed. Rather, as seen in Fig. 3b , the prevalent degradation matches the artifact depicted in Fig. 1b. Fig. 3c -e displays TEM images of smaller diameter nanowires at different stages of degradation, from bottlenecking ( Fig. 3c) , to disconnection (Fig. 3d) , to particle formation (Fig. 3e) . The morphological changes in the nanowire, coupled with the EDS data showing that the main composition of the spherical particles is silver rather than corrosion products (Fig. 1e) , indicate that nanowire instability rather than corrosion is the primary reason for thin nanowire degradation. The surface-area-to-volume ratio of nanowires scales with 1/r, where r is the radius of the nanowire. Thus this ratio is more than 3.5 times higher for a cylindrical 25 nm diameter nanowire versus a 90 nm nanowire. And because surfaces have higher energy than atoms in bulk, thinner nanowires are less stable than thicker ones. This is particularly true for Ag nanowires whose side facets are {100}, 48 which for face-centre-cubic materials have higher energy than the lowest energy {111} facets. Furthermore, silver nanowires synthesized from the polyol process have strain energy caused by a combined 7.35 gap between the triangular prisms forming the pentagonal wire. 49 The observation of thin metal nanowires breaking into smaller segments has been observed and studied by others and is oen attributed to Rayleigh instability.
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Although corrosion appears to play a smaller role in the degradation of thin nanowires, we found it is likely still a necessary factor. A network of 25 nm diameter nanowires was le for 60 days in a desiccated low vacuum chamber rather than in atmosphere, where there are low levels of sulfur and chlorine containing gases, as well as low humidity. When in this low vacuum environment, the sheet resistance increased by only 6% and no discontinuities were observable via SEM. Thus the content of the atmosphere clearly plays a role in the instability of thin nanowires, and could be due to the humidity which is known to increase corrosion rates 25 in addition to the existence of corrosion-causing gases.
SEM data show that the instability of thin nanowires in air causes a larger proportion of them being discontinuous aer 60 days compared to thicker diameter nanowires. The latter are more stable due to their lower surface area per volume and instead degrade due to corrosion which leads to discontinuities at a much slower rate. These observations explain the more rapid resistance increase of the electrodes containing 25 nm diameter nanowires in Fig. 2a compared to electrodes with 50 and 90 nm diameter nanowires.
Effects of density
As seen in Fig. 2b , the sheet resistance of dense nanowire networks (made with a solution concentration of 4 mg mL À1 ) increased only 50%, while a sparse network (solution concentration ¼ 0.2 mg mL À1 ) containing nanowires of the same diameter and prepared in the same manner, increased by over 300%. The varying density electrodes were prepared with 20 nm diameter nanowires. Since the diameter was small, little evidence of the type of corrosion depicted in Fig. 1a is observed, as discussed in the section above. However, microscopy imaging did reveal the degradation features in the dense and sparse networks differed. In sparse networks (solution concentration #0.5 mg mL À1 ), the formation of small particles as described in Fig. 1b is dominant. However, in dense networks (solution concentration $4 mg mL À1 ) the dominant degradation feature is instead the one depicted in Fig. 1c . Originally it was thought that the large particulate formations in the latter were artifacts of AgNW synthesis that penetrated the ltration mechanisms used for nanowire purication, but SEM of freshly synthesized networks had no evidence of such large particles.
Only aer exposure to ambient conditions were these features rst observed. The EDS analysis of such features (Fig. 1f) indicates that these agglomerations are composed primarily of elemental Ag, like the small particles encountered in sparse networks. The volume of silver in these particles is larger than amount of the silver missing from the nanowires in their immediate vicinity. It appears that much of the Ag in the particles have diffused from nanowires further away, as evidenced by gaps in nanowires up to 1.5 mm away from the agglomerations. The gaps do not have small particles intercepting them and it is hypothesized this is because the small particles that result from nanowire instability, or the silver that would otherwise lead to them, diffuse and coalesce to form the larger agglomerations similar to an Oswald ripening process. Because the surface-to-volume ratio of particles decreases with their size, a large particle is more energetically favourable than multiple smaller particles. Larger particles are not observed in sparser networks likely because the small particles are far apart and they would need to diffuse markedly longer distances to coalesce.
Although the appearance of degradation differed among sparse and dense networks, it was found from extensive SEM imaging that the proportion of nanowires with an electrical discontinuity was the same for all densities tested. Regardless of the network density, there was one discontinuity per 1 mm length of nanowire on average aer 60 days of exposure to ambient conditions. Thus, a denser network did not increase nanowire stability. Rather, dense networks have a slower increase in resistance because if a nanowire becomes discontinuous, there exists other pathways through which the current can ow. Sparser networks, on the other hand, have fewer alternative conductive pathways when an electrical disconnection occurs.
Effect of annealing temperature
When AgNW lms are deposited on a substrate without further processing, locations where nanowires overlap have a high resistance which can lead to lm sheet resistances in the MU , À1 range. Annealing signicantly lowers junction resistances and therefore lm sheet resistance by welding the overlapping nanowires, and is the most commonly used and convenient method to do so. 200 C for 30 minutes is a common procedure for 90 nm diameter silver nanowires. 35, [37] [38] [39] The effect of the annealing temperature on electrode lifetimes, however, has not previously been studied. Although a 30 minute anneal signi-cantly reduces the initial sheet resistance, it accelerates the rate of degradation over the long term. Fig. 2c , where 25 nm diameter AgNWs are annealed at different temperatures, reveals that the higher the annealing temperature used, the faster the electrode resistance increases over time. The sheet resistance of electrodes annealed at 180 C for 30 min increased 590% over the 60 day time period compared to 137% for samples annealed at 80 C. The resistance of electrodes that were mechanically pressed at room temperature rather than annealed rose 97%. Two samples of 90 nm diameter nanowires, one annealed at 150 C for 30 min and one pressed at room temperature aer nanowire lm deposition, were imaged every 2 weeks for 60 days. Immediately aer annealing, AgNWs processed at both temperatures visually looked similar under the SEM except for a waviness induced in the pressed nanowires due to the mechanical pressure. However, TEM imaging revealed that while the unannealed AgNWs had a 1-3 nm thick layer of PVP on their surfaces, this layer did not exist in the annealed sample. Fig. 4 compares the morphology of unannealed and annealed samples aer two weeks of exposure to ambient conditions. There are only the beginnings of corrosion particle formation (particles <10 nm in diameter) in the unannealed nanowires, whereas the annealed nanowires had larger (40-50 nm in diameter) and more numerous Ag 2 S particles. This level of degradation observable in the annealed sample is parallel to the level of degradation observable in unannealed samples aer 6 weeks of exposure to ambient. This trend continued, with the unannealed nanowires undergoing the same corrosion mechanisms as the annealed nanowires but at a much slower rate, explaining the slower rise in sheet resistance over time observed in Fig. 2c . It was expected that annealing would accelerate degradation during the 30 minutes process, since both nanowire corrosion and instability are worsened at elevated temperatures.
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However, it was somewhat surprising that the 30 minute anneal accelerated degradation over the entire 60 day period, as evidenced by the higher slopes of the curves in Fig. 2c compared to the room temperature processed electrode. This may be due to increased silver atom diffusion at higher temperatures, and defects formed during the anneal would increase reactivity with sulfur aerwards, in turn leading to faster formation of Ag 2 S. Small notches or bottlenecks in the nanowire, like in Fig. 3c , may also be initiated during the anneal, and once these are formed further evolution into disconnections may be accelerated.
Another factor may be due to the reduction or removal of the PVP layer from the nanowire surface during anneals above $150 C (the exact temperature depends on the molecular weight of PVP used during nanowire synthesis). 55 With less PVP, H 2 S and OCS gases may be able to reach and adsorb on the silver surface more easily and thus more corrosion would occur. This hypothesis echoes that of Elechiguerra et al. who hypothesized that a thicker layer of PVP on AgNWs would improve overall stability. 24 This hypothesis may also explain why the rate of degradation (related to the slope of the curves in Fig. 2c ) is higher for annealing temperatures above 150 C compared to annealing temperatures of 80 C and 120 C, as the latter two conditions would not be high enough to signicantly reduce the PVP layer. Due to the lower rate of degradation, mechanically pressing a nanowire lm at room temperature is an attractive alternative to annealing. At a transparency of 88% (wavelength ¼ 550 nm), nanowires pressed on PET substrates have a sheet resistance of 23 U ,
À1
. This is similar to annealed electrodes on glass and far superior to annealed electrodes on PET. The latter is because PET cannot tolerate temperatures above 100 C due to permanent deformation. Nanowire electrodes annealed on PET at 100 C have an average sheet resistance of approximately 300 U , À1 at 87% transparency (wavelength ¼ 550 nm).
Effect of plasma treated substrates
Plasma treatments increase the hydrophilicity of a substrate surface to aid in the adhesion of a subsequently deposited material without the need for chemical modication. They are commonly used for the preparation of AgNW electrodes to increase the adhesion of the nanowires to glass or plastic substrates. 30, 56, 57 Fig. 2d shows, however, that a corona plasma treatment signicantly affects the rate of NW electrode degradation. Aer 60 days, the sheet resistance of the treated substrate was 4Â that of an untreated substrate. It is hypothesized this is because of the increased hydrophilicity of the substrate which would attract more moisture. This surface water provides a medium for the absorption of corrosioncausing gases as well the dissolution of silver ions and therefore increases corrosion rates. 50 It is well known that AgNWs degrade faster in humid environments. 47 
Conclusions
Our results show that common variations in the composition and processing of silver nanowire electrodes, namely nanowire diameter, nanowire density, annealing temperature, and substrate plasma treatment, signicantly affect the rate of electrode degradation. This explains some of the large variation of sheet resistance increases from one report to the next. Regarding the nanowire electrodes mentioned in the introduction, Mayousse's electrodes, which were the ones with long lifetimes, were annealed at a low temperature of 80 C Fig. 4 SEM images of silver nanowires after 2 weeks of exposure to ambient conditions. Nanowires were (a) pressed at room temperature and (b) annealed at 150 C for 30 min after deposition. Notice the lager corrosion particles on the surface of the annealed nanowires.
compared to 140 C for both Moon and Vaagensmith. 29, 30 Jiu instead used high intensity pulsed light to sinter the AgNW networks which causes silver to eject electrons via the photoelectric effect, resulting in a faster rate of corrosion due to the formation of Ag + ions. 25, 58 The Mayousse electrodes were also quite dense. Through image processing of images provided in their papers, the Mayousse nanowire density was 27 mg m À2 compared to 5 and 17 mg m À2 , respectively, used by Vaagensmith and Jiu. All 5 studies mentioned in the introduction used different nanowire diameters. And lastly, Moon and Vaagensmith used a plasma treatment whereas the other researchers did not. These factors are all in addition to environmental differences between the various studies which are known to have signicant effects on corrosion rates. In addition to explaining varying degradation rates, this study also gives guidance on how to design electrodes with longer lifetimes. According to our results, electrodes consisting of dense networks of larger diameter nanowires that are processed at room temperature and are not exposed to corona plasma should fare better than other electrodes. Regarding the latter two variables, mechanical pressing is an alternative option to both annealing and corona plasma treatment, since pressing both welds nanowire junctions as well as increases nanowire adhesion to plastic substrates. 40, 59 Regarding dense and thick nanowires, this may not always be possible due to design considerations. Denser nanowire lms result in lower transparencies, and larger diameter nanowires lead to more haze which is undesirable for certain applications such as display technologies. If nanowire diameters less than 40 nm are used, our study suggests that in addition to passivation layers which block corrosion-causing gases, strategies to increase their morphological stability may be helpful such as low temperature hydrogen gas processing 60 or passivating the silver surfaces with dielectric layers.
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Regardless of the electrode composition and processing conditions, our results show that some degradation will still occur and an effective passivation strategy will still be necessary. For many applications, the passivation layer needs to be both transparent and conductive, block gas, be mechanically exible, and cost effective. Although many passivation materials have been studied, more work needs to be done before AgNW electrodes can be used as a viable ITO replacement in a range of applications. Furthermore, as this study only deals with the passive stability of AgNWs, other phenomena must be taken into account when dealing with AgNWs in real devices under electrical bias. 
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